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1

DISTILLATIVE RECOVERY OF AROMATICS
WITH WATER ADDITION IN AZEOTROPIC
PROPORTIONS

BACKGROUND OF THE INVENTION

The invention relates generally to the recovery ot
individual compornents from mixtures of different com-
ponents and, more particularly, to the recovery of high-
purity aromatic substances from hydrocarbon mixtures
containing both aromatic and non-aromatic compo-
nents. -

A process for the recovery of high-purity aromatic
substances from hydrocarbon mixtures containing aro-
matic and non-aromatic components in any relative
proportions 1s already known. The hydrocarbon mix-
ture is subjected to a liquid-liquid extraction and/or an
extractive distillation using an aqueous solvent which is
selective towards one of these components. The bot-
tom product or extract phase formed in the extraction
apparatus, which consists mainly of the aromatic com-
ponent and the solvent, 1s withdrawn and then intro-
duced into a separating column or distillation column
wherein the extract phase is separated into an aromatic
fraction and a solvent fraction. The top product or
raffinate phase formed in the extraction apparatus,
which consists mainly of the nonaromatic component,
is also withdrawn from the extraction apparatus.

The known process outlined above is, 1n practice,

5

10

15

2

because of the severe temperature requirements im-
posed upon the solvents during the operation of the
separating column, even very stable solvents will un-
dergo a certain amount of hydrolysis, albeit small.
Thus, during the operation of the separating column, it
is necessary to insure to as great an extent as possible
that the degree of hydrolysis of the solvent is held to a
minimum and that the products of the hydrolysis do not
contaminate the aromatic fraction withdrawn at the top
of the separating column.

It will, therefore, be seen that improvements in the
recovery of high-purity aromatic substances from hy-
drocarbon mixtures are desirable.

SUMMARY OF THE INVENTION

It is, accordingly, a general object oi the present
invention to provide a novel process and arrangement

for the recovery of individual components from mix-

- tures of different components.
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used with many variations and with a large number of 30

different types of aqueous, selective solvents. The addi-
tion of water to the solvent serves, among other things,
to improve the selectivity of the solvent. As an exam-
ple, a combined process is known from the German
published application No. 2,040,025 wherein a liquid-
liquid extraction 1s followed by an extractive distilla-

tion. The selective solvent used here 1s a mixture of

morpholine and/or N-substituted morpholines with
water. The water content of the solvent for the liquid-
liquid extraction lies between 2 and 15% by weight
whereas the water content of the solvent for the extrac-
tive distillation 1s up to 8% by weight.

When using aqueous solvents, however, particular
problems arise in the operation of the separating col-
umn wherein the solvent and the aromatic component
are separated which do not arise when non-aqueous
solvents are used and where, consequently, it 1s only
necessary to drive off the solvent, i.e. where no water
must be driven off. In this connection, it must be taken
into account that the aromatic component of the ex-
tract phase has to be separated as completely as possi-
ble, for example, so that at most about 0.1% by weight
1s left behind, 1n order to 1mpart good efficiency to the
process. Although it 1s true that the water content of
the aqueous solvents provides for a lower bottom tem-
perature In the separating column as compared to the
case where non-aqueous solvents are used, 1t has, on
the other hand, been frequently observed that the oper-
ation of the separating column becomes irregular or
fluctuates when using aqueous solvents. The trays of
the column become partially flooded or inundated and
1t 1s not possible to maintain either the bottom tempera-
ture or the column temperature constant.

A further problem which arises in the separating
column when aqueous solvents are used 1s due to the
fact that the possibility of hydrolysis of the solvent
exists. Of course, very significant differences exist be-
tween the various solvents in this regard. However,
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‘More particularly, it is an object of the invention to
provide a process and arrangement for the recovery of
aromatic substances from hydrocarbon mixtures
whereby the operating conditions of the separating
column are so improved that it operates smoothly and
without fluctuations and that no temperature variations
occur.

A further object of the invention is to provide a pro-
cess and arrangement for the recovery of aromatic
substances from hydrocarbon mixtures whereby hydro-
lysis of the solvent 1s held to a minimum and whereby
the products of the hydrolysis do not contaminate the
aromatic substance withdrawn from the separating
column.

An additional object of the mmvention is to provide a
process and arrangement for the recovery of aromatic
substances from hydrocarbon mixtures whereby the
separating etfect of the separating column is improved.

In pursuance of these objects, and of others which
will become apparent, the invention provides, in a pro-
cess for the recovery of high-purity aromatic sub-
stances from hydrocarbons, for treating a hydrocarbon
mixture including an aromatic and a non-aromatic

- component with a solvent so as to form an extract
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phase container at least part of the solvent and at least
a portion of one of the components. The extract phase
1s admitted into a separating column having two ends
and wherein the aforesaid one component flows
towards one of these ends and the solvent flows
towards the other end. The extract phase is admitted
into the column at a location intermediate the ends
thereof and the section of the column between this
location and the end thereof towards which the afore-
sald one component flows is provided with trays. A
quantity of water sufficient to maintain at least some of
these trays substantially filled with water during separa-
tion of the solvent and the aforesaid one component is
introduced into the column.

The hydrocarbon mixture may contain the aromatic
and non-aromatic components in any proportions. This
mixture may be treated with a liquid-liquid extraction
and/or an extractive distillation using an aqueous, se-
lective solvent. The extract phase resulting from this
extraction procedure is the bottom product of the ex-
traction apparatus and may contain a substantial por-
tion, 1t not all, of the aromatic component of the hydro-
carbon mixture. This extract phase is then admitted
into a separating or distillation column. The top prod-
uct of the extraction apparatus, that is, the raffinate
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phase, may contain most, if not all, of the non-aromatic
component of the hydrocarbon mixture. This raffinate
phase is also withdrawn from the extraction apparatus
and may subsequently undergo further treatment.

In accordance with the invention, at least some of the
trays of the separating column above the inlet for the
extract phase are maintained filled with water during
the period in which separation of the solvent and the
aromatic component of the extract phase occurs.
Moreover, the invention further provides for operating
the separating column with water reflux.

The additional water introduced into the separating
column according to the invention may be introduced
into the sump of the separating column. The thus-intro-
duced water distills or vaporizes, rises in the column
and then condenses on the trays. The required quantity
of water in the sump of the separating column may be
very simply obtained by admitting the necessary quan-
tities of water into the sump from any convenient
source. The water introduced into the separating col-
umn may be either in liquid or vapor phase. Normally,
the amount of water which must be introduced 1nto the
separating column will be about 60-100% by weight of
that required to form an azeotrope with the aromatic
component of the extract phase.

Usually, the separating column is provided with trays
along its entire length. In accordance with a favorable
modification of the invention, an outlet 1s provided at
one of the trays in the middle region of the column
through which the liquid mixture on the tray 1s with-
drawn and returned to the sump. In this instance, the
requisite quantity of water in the sump may be adjusted
by the mixture thus returned into the separating col-
umn. This modification of the invention may be further
varied by providing a vaporizer through which the hig-
uid mixture withdrawn from the tray is passed betore
being returned to the sump. Here, a partial vaporiza-
tion of the withdrawn mixture occurs and the vapor and
liquid are introduced into the sump of the separating
column at spaced locations. The inlet for the vapor
should be located above that for the hqud.

Although, on the grounds of thermal efficiency, it has
always been attempted heretofore to hold the amount
of water admitted into the separating column to a mini-
mum, it has now been surprisingly found that, by in-
creasing the quantity of water in the separating column,
an improvement in the separation effect may be
achieved. Thus, first of all, if the quantity of water 1s
regulated to the value set forth by the invention by
introducing additional water into the sump of the sepa-
rating column, the temperature for effecting separation
is lowered. For example, whereas the separating tem-
perature for a product containing benzene, toluene and
- xylol is about 244°C at atmospheric pressure when the

separating column is operated free of water, the sepa-
rating temperature is lowered to 160°C when using
water. Furthermore, because the trays above the inlet
for the extract phase are filled with water according to
the invention, the upper portion of the separating col-
umn serves as a sort of separation layer. In other words,
the aromatic substances do not flow back through the
upper portion of the separating column which, as a
result, serves as a separation layer. Thus, the aromatic
substances flow upwardly through the separating col-
umn to be withdrawn at the top thereof and, since the
trays in the upper portion of the column are filled with
water, it is not possible for the aromatic substances to

penetrate through the trays and flow downwardly.
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4

Since it is not possible for the aromatic substances to
reflux to the trays below the inlet for the extract phase
and into the bottom portion of the separating column
where the solvent is located, it 1s also not necessary to
again separate them from the solvent. However, as
extensive research has shown, the irregular and tluctu-
ating operation of the separating columns heretofore
was due to an uncontrollable filling of the trays with
water and aromatic substances to be driven off because
these substances are not miscible and their different
densities led to an uncontrollable filling of the trays of
the separating column and an irregular discharge from
the separating column. This is now avoided m accor-
dance with the invention.

The volume of water to be introduced into the sump
of the separating column is, according to the invention,
of course dependent upon the type and quantity of the
aromatic substances to be driven off or separated. Nor-
mally, the quantity of water will equal about 60-100%
by weight of that required to form an azeotrope with
the aromatic substances to be distilled or separated. As

example: |

100 parts by weight of benzene = 9.4 parts by weigh

of water

100 parts by weight of toluene = 15.6 parts by weight

of water | N

100 parts by weight of xylol = 66.7 parts by weight

water

The above quantities of water are those required to
effect a good, trouble free separation or distillation of
the aromatic substances. It will be appreciated that a
person of ordinary skill in this art may easily determine
the quantity of additional water required.

The relatively great decrease In the separating tem-
perature which results from the addition of water in
accordance with the invention has the further advan-
tage that, because of the lower temperature require-
ments, the danger of possible decomposition or degra-
dation of the solvent is decreased. In this regard, it 1s to
be kept in mind that any organic solvent which is sub-
jected to severe temmperature requirements will, in the
course of time, undergo some changes. The types of
changes and the extents of these changes will, however,
vary from solvent to solvent. For the case presently
under discussion, the change undergone by the solvent
will mostly be a hydrolysis reaction. In any event, it
must always be attempted to avoid contamination of
the separated aromatic substances by the decomposi-
tion or hydrolysis products of the solvent.

This objective is achieved by a second condition in
accordance with the invention whereby the separating
column is operated with water reflux rather than with
reflux of the aromatic substances as conventionaliy
done heretofore. By this means, it is assured that the
trays above the inlet for the extract phase remain filled
with water under all circumstances without, however,
requiring that water in excess of the azeotropic value
be introduced into the sump of the separating column.
Also, the upper trays of the separating column with
their water filling serve as a water wash or scrub for the
upwardly flowing aromatic substances. The vapors of
the aromatic substances are then distilled out of the
separating column in form of an azeotropic mixture
with water. As an example, a comparison is given below
of the boiling points of some aromatic substances when
they are in pure form and when they are in azeotropic
mixture with water to illustrate the decrease in boiling

of
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temperature obtained when aromatic substances are
distilled in form of an azeotropic mixture with water:

Boiling Point Boiling Point
(pure) (in azeotropic mix-
ture with water)
benzene 80°C 69°C
toluene 110°C 84°C
O-xylol 144°C 94°C

The decrease in boiling temperature 1s always desired
because, as a result, the difference in the boiling tem-
peratures of the aromatic substances and the decompo-
sition or hydrolysis products of the solvent 1s usually
increased and, in many cases, it would be virtually
impossible to separate the aromatic substances and the
decomposition or hydrolysis products of the solvent
from one another by distilling means without this de-
crease in boiling temperature. The decrease in boiling
temperature thus works in addition to the washing
effect which occurs in the uppermost, water-filled trays
of the separating column and which i1s based on the
different water solubilities of the aromatic substances
and the decomposition or hydrolysis products of the
solvent.

An extensive Investigation by the instant applicants
of the composition of the liquid mixture on the individ-
ual trays of the separating column has shown that a
concentration of the decomposition or hydrolysis prod-
ucts of the solvent occurs on those trays which are
located at or near the center of the separating column.
Since essentially only water 1s present on these trays in
addition to the decomposition or hydrolysis products,
this recognition makes possible the use of a particular
modification of the invention. According to this modifi-
cation, and as already mentioned earlier, an outlet 1s
branched off from one of the trays in the middle or
center region of the column through which a portion of
the liquid mixture forming on this tray is returned to
the sump of the separating column. By the use of this

embodiment, it is possible, on the one hand, to adjust

the quantity of water in the sump to the desired value
without requiring a continuous introduction of water
from externally of the separating column. On the other
hand, the possibility of the decomposition or hydrolysis
products of the solvent concentrating in the upper
portion of the separating column is thereby reduced.
On the contrary, these products remain predominantly
in the sump of the separating column after being re-
turned thereto. |

The novel features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages

thereof, will be best understood from the following

description of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE i1s a diagrammatic illustration of

an arrangement for carrying out the process according
to the invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawing, a hydrocarbon mixture
which is to be subjected to separation or extraction Is
introduced into an extraction apparatus for treating
means 2 via a conduit 1. The hydrocarbon mixture
contains both an aromatic and a non-aromatic compo-
nent. It is not necessary here to go into the details of the
extraction process or into the structural details of the
extraction apparatus 2 since these are well known in
the art. It is sufficient to state here that the hydrocar-
bon mixture may be subjected to a liquid-liquid extrac-
tion and/or an extractive distillation and, although the
extraction apparatus 2 is here shown as consisting of a
single column for the sake of clarity, it will be under-
stood that the extraction apparatus 2 may include more

~ than one column such as, for example, if the hydrocar-
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_ bon mixture were first subjected to a liquid-liquid ex-

traction and subsequently subjected to an extractive
distillation. In fact, the construction of the extraction

‘apparatus 2 may be arbitrarily chosen to suit particular

requirements.

An aqueous, selective solvent is introduced into the
extraction apparatus 2 via a conduit 3. The treatment
of the hydrocarbon mixture in the extraction apparatus
2 results in the formation of a raffinate phase contain-
ing the non-aromatic component or substances of the
mixture and this raffinate phase 1s withdrawn from the
extraction apparatus 2 as a top product through the
outlet conduit 4. The thus-withdrawn raffinate phase
may be subjected to further treatment the details of
which are, however, of no concern here. |

The treatment of the hydrocarbon mixture in the
extraction apparatus 2 further results in the formation
of an extract phase which includes at least part of the

aqueous solvent and a portion, perhaps most if not all,
of the aromatic component or substances of the mix-
ture. The extract phase comprising the aromatic com-
ponent and the aqueous solvent is withdrawn from the
sump or bottom of the extraction apparatus 2 and is
from there admitted into the separating or distillation
column 6 via the inlet conduit 5. The column 6, which
1s seen to be vertically oriented, 1s provided with trays
or plates 22. The product admitted into the column 6,
which 1s a mixture of aromatic substances, solvent and

water, 1S normally introduced therein in the region of a

the middle or center of the column 6 as shown.

According to the invention, an inlet conduit 7 is
provided which opens into the sump or bottom end of
the column 6 and through which water, in either liquid
or vapor form, may be introduced into the column 6.
The 1nlet conduit 7 is provided with a valve 12. An
outlet conduit 8 is also provided and communicates
with one of the trays 22 in the middle or center region
of the column 6, for example, the 15th tray. The outlet
conduit 8 permits the withdrawal of the liquid mixture
which accumulates on this tray. In the illustrated em-
bodiment, the outlet conduit 8 communicates with a
vaporizing apparatus 9 in which the liquid mixture
withdrawn through the outlet conduit 8 may undergo a
partial vaporization. After the partial vaporization, the
vapor and hquid are removed from the vaporizer 9
through separate conduits 10 and 11 which lead into
and communicate with the sump of the column 6. It will
be seen that the conduit 11, through which the vapor is
returned into the column 6, is located above the con-
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duit 10 through which the liquid is returned into the

column 6.
At the start of the operation of the column 6 it is

necessary to introduce water therein via the mlet con-
duit 7 so that there is sufficient water in the sump of the
column 6 to insure that the trays above the location
where the extract phase is introduced into the column
6 by the conduit 5 are filled with water. The additional
water thus introduced into the sump of the column 6
vaporizes or evaporates, rises upwardly through the
column 6 and condenses on these trays. However,
when the arrangement illustrated is provided with the
conduits 8, 10 and 11, it may be possible under certain
circumstances to maintain the requisite quantity of
water, that is, the quantity of water necessary to assure
that the trays above the location at which the conduit 5
communicates with the column 6 are filled with water,
in the sump of the column 6 by admitting the mixture
withdrawn from the column 6 by the conduit 8 into the
sump via the conduits 10 and 11. In this case, the valve
12 may remain closed during operation of the column
6 so that no water is introduced into the latter via the

inlet conduit 7.

It is, of course, also possible to eliminate the vapor-
izer 9 or, in other words, to have the conduit 8 commu-
nicate directly with the sump of the column 6 so that no
partial vaporization of the liquid mixture withdrawn
from the column 6 via the conduit 8 occurs. Where the
vaporizer 9 is provided, this may be arranged in heat-
exchange relationship with other parts of the arrange-
ment used for carrying out the process, that is, with one
or more parts of the arrangement used for the recovery
of high-purity aromatic substances from the hydrocar-
bon mixture. |

The aromatic substances from the extract phase tlow
upwardly in the column 6 towards the upper end or top
thereof. The aromatic substances are withdrawn from
the column 6 at its upper end and pass into a water
separator 14 via a conduit 13 where residual water is
separated from the aromatic substances. The aromatic
substances next pass through the conduit 13 into a
column 15 where they are further split up mnto their
individual components such as, for example, a benzene,
a toluene and a xylol fraction. The latter products may
be conveyed from the column 15 via the conduits 16,

17 and 18.
The water collected in the water separator 14 may be

removed therefrom via the conduit 19. It will be seen
that another conduit 21 branches off from the conduit
19. The conduit 21 communicates with the upper end
of the column 6 and it is through the conduit 21 that
the requisite quantity of water flows which is refluxed
to the top of the column 6. This refluxed water insures
that the trays in the upper portion of the column 6, that
is, the trays above the location at which the conduit S
communicates with the column 6, are filled with water
under all circumstances and without requiring that a
quantity of water in excess of that necessary to form an
azeotropic mixture with the aromatic substances in the

extract phase be introduced into the sump or lower end
of the column 6. That portion of the water withdrawn

from the water separator 14 and which flows through
the conduit 19 but is in excess of that which must be
refluxed into the top of the column 6 continues flowing
through the conduit 19 towards the inlet conduit 7. By
appropriate adjustment of the valve 12, this excess
water may flow back into the sump of the column 6 via
the inlet conduit 7. If the valve 12 is only partially

i0

15

8

opened or if the valve 12 is closed, then the excess
water which does not flow through the inlet conduit 7
continues on through the conduit 19 and flows into the

conduit 20. The conduit 20 communicates with the
sump of the column 6. The solvent contained in the
extract phase entering the column 6 via the conduit 3
flows downwardly in the column 6 to the sump thereof
to concentrate there and is withdrawn from the sump
via the conduit 20. Thus, the excess water in the con-
duit 19 which flows into the conduit 20 is recycled back
into the solvent circuit and serves in adjusting the water

content of the aqueous solvent. The solvent passes
from the conduit 20 into the conduit 3 and, from the

latter, is again admitted into the extraction apparatus 2.
Although, for the sake of clarity, only the valve 12
has been shown in the drawing, it will be understood

that appropriate valves or other regulating means will

~ be provided where necessary or desired. It will also be
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appreciated from the foregoing description that the
conduits 7, 8 and 21, the water separator 14 and, where
present, the conduits 10 and 11 and the vaporizer 9, all
constitute part of a means for introducing water into

the column 6 and for maintaining the trays in the upper
section thereof, that is, the trays above the location at
which the conduit 5 communicates with the column 6,
filed with water. Of course, such a means may include
other elements which, however, have been omitted for
case of understanding of the invention.

The effect of the invention may be seen from the
following comparative investigation. In either case, the
aromatic-containing extract had been previously sub-
jected to a liquid-liquid extraction using a selective
solvent with a water content of 4.5% by weight. In case
A, the separating column was operated without the
introduction of additional water so that the decrease 1n
the boiling or distillation temperature was due solely to
the water content of the solvent. In case B, the process
according to the invention was used and the requisite
quantity of water in the sump of the separating column
was obtained by withdrawing part of the liquid mixture
from the 15th tray of the column and returning this to
the sump. Here, 2 cubic meters of liquid mixture con-
taining about 1.9 tons of water was returned to the
sump per unit of time. The following results were ob-

tained:

Case A Case B
Distillation Temperature
(separating column 6) 200°C 160°C
Concentration in Solvent
Withdrawn from Sump
(conduit 20)
Benzene 0.034% 0.009%
Toluene 0.211% 0.034%
Xylol 0.780% 0.130%
Concentration of Solvent
and its Decomposition
Products in the Aromatic
Phase Withdrawn from the
Separating Column 6
(conduit 13) 400 ppm <1 ppm

S
It is emphasized here that the invention i1s not re-

stricted to or limited by the use of a particular solvent.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
a useful application in other types of processes and
arrangements differing from the types described above.

While the invention has been illustrated and de-
scribed as embodied in a treatment for hydrocarbons, 1t
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1s not intended to be limited to the details shown, since
various modifications and structural changes may be
made without departing in any way from the spirit of
the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for
various applications without omitting features that,
from the standpoint of prior art fairly constitute essen-
tial characteristics of the generic or specific aspects of
this mvention and, therefore, such adaptations should
and are intended to be comprehended within the mean-
ing and range of equivalence of the following claims.

What 1s claimed as new and desired to be protected
by Letters Patent is set forth in the appended:

10

15

1. In a process for the recovery of aromatic hydrocar-

bons from mixtures which contain aromatic and non-
aromatic hydrocarbons, comprising subjecting a mix-
ture which includes an aromatic and a non-aromatic
hydrocarbon to extractive treatment with a water-con-
taining solvent so as to form an extract phase which

contains at least part of said solvent and at least a por-
tion of said aromatic hydrocarbon; admitting at least a
portion of said extract phase into a distillation zone
having an upper and a lower end portion; distilling said
extract phase in said zone for recovery of said portion
of said aromatic hydrocarbon; and introducing into
said lower end portion of said zone a quantity of water,
the improvement consisting essentially of, providing
sald quantity of water in an amount which equals be-
tween about 60 and 100 percent by weight of the
amount of water required to form an azeotrope with
satd portion of said aromatic hydrocarbon, said quan-
tity of water being additional to the water contained in
said extract phase.

2. A process as defined in claim 1, wherein said ex-
tractive treatment comprises liquid-liquid extraction.

3. A process as defined in claim 1, wherein said ex-
tractive treatment comprises extractive distillation.
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4. A process as defined in claim 1, wherein said ex-
tractive treatment comprises 11qu1d liquid extraction

and extractive distiliation.

5. A process as defined in claim 1, wherein said sol-
vent selectively dissolves said aromatic hydrocarbon.

6. A process as defined in claim 1; further comprising
the steps of withdrawing said aromatic hydrocarbon
from said zone; separating residual water from the
withdrawn aromatic hydrocarbon; and recycling the
separated water.

7. A process as defined in claim 1, said zone includ-
ing an upper section which is provided with a plurality
of trays, and said extract phase being admitted into said
zone at a location below said section; and wherein said
quantity of water is sufficient to maintain at least some
of said trays substantially filled during distiilation.

8. A process as defined in claim 7, said zone includ-

‘ing another section below said location which is also

provided with trays; and wherein the step of introduc-
ing said quantity of water into said zone comprises
withdrawing water from one of said trays and readmit-
ting at least a portion of the withdrawn water into said
zone.

9. A process as defined in claim 8, wherein said one
tray is located in the middle section of said zone.

10. A process as defined in claim 8; and further com-
prising the step of partially vaporizing said withdrawn
water prior to readmitting said withdrawn water into
said zone. |

11. A process as defined in claim 10, wherein the
unvaporized part of said withdrawn water is introduced
into said zone at a higher location than the vaporized
part of said withdrawn water.

12. A process as defined 1n claim 13, wherein the step
of partially vaporizing said withdrawn water comprises

heat-exchange between said withdrawn water and
another fluid present in said process.

13. A process as defined in claim 1, wherein at least
part of the water 1n said zone is reﬂuxed

14. A process as defined in claim 13, wherein at least
part of the refluxed water is 1ntroduced into said zone

at said upper end portion.
* & F Kk X
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